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1
LOW COST, LIGHTWEIGHT DIFFERENTIAL

REFERENCE TO RELATED APPLICATION

This application 1s a continuation in part of my appli-

cation Ser. No. 07/878,846, filed May 5, 1992, now
abandoned, and my application Ser. No. 08/017,238,

filed Feb. 16, 1993, now U.S. Pat. No. 5,390,753, each of

which 1s a continuation in part of my earlier filed appli-
cation Ser. No. 07/642,225, filed Jan. 15, 1991, now
abandoned, the disclosures of which are incorporated
herein by this reference.

FIELD OF THE INVENTION

This invention relates to a novel differential, and

more particularly to a differential that is low 1n weight,
low in cost and remarkably functional in continuously
coupling two differently turning shafts.

BACKGROUND

Differentials are used to compensate for differences
in distances traveled by vehicle wheels, allowing power
to be applied to each of a pair of wheels although each
wheel travels a different distance, 1n cornering, for
example. Numerous differentials are known. For the
most part known differentials have comprised axle
gears splined to the wheels axles, a differéntial case,
differential pinion gears on a differential pinion shaft
supported by the case, the pinion gears being meshed
with the axle gears. A drive pinion driven by the engine
drives a ring gear fixed to the case. This effects rotation
of the differential case, the differential pinion shaft and

differential pinion gears around with the ring gear. If

the vehicle is being run down a straight road, the differ-
ential turns as a unit with the ring gear without relative
movement between components. The differential pinion
gears do not rotate on the pinion shaft. Equal torque 1s
apphied to the axle gears so that both driven wheels
rotate at the same speed. Around a corner, however, the
outer wheel must travel farther than the inner wheel in
a given period of time and thus must turn faster than the
inner wheel. Now the two differential pinion gears
rotate on the pinion shaft, so that the outer wheel may
turn more rapidly than the inner. On an opposite direc-
tion turn, the pmion gears rotate in the opposite direc-
tion, to the same effect.

Characternistically, the usual differential is a massive
affair with the case and gears made of substantial pieces
of heavy metal, contributing unduly to the weight and
power requirements of vehicles, and foreclosing modest
applications such as golf carts and wheel chairs from
efficient differentials.

A different type of differential is disclosed in U.S.
Pat. No. 3,919,899 to Parker. In this patent, a differen-
tial 1s described comprising a pair of axle gears affixed
to tubular axles, a planetary gear, a central axle passing
through the tubular axles to align the unit, and a ring
gear connected to the planetary gear and rotatably
mounted around the central shaft. While lightweight
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and effective, this differential still employs a form of 60

pinion gear, the planetary gear, and thus still has weight
which 1s desirably lessened.

Belt and gear devices have been shown in U.S. Pat.
No. 0,436,970 to Edison, and 1n U.S. Pat. No. 3,543,608
to Mehiak, where a smooth belt was wrapped about
smooth gears with no means of guiding the belt against

wear. In Brit. App. No. 2 058 963, published 15 Apr.
1981 to Gauvain, separate belts are shown engaged with

63
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toothed gears in a widely spaced arrangement that does
not allow compactness.

SUMMARY OF THE INVENTION

It is an object therefore of the present invention to
provide a differential which is effective and efficient in
compensating for different rate and distances of travel
of vehicle wheels, which 1s free of much of the conven-
tional gearing and conventional casing and accordingly
remarkably lightweight. It is another object to provide
such a differential in which the axle-coupled gears are
spaced across a simplified differential having only a belt
maintained folded on itself as a differential device. It is
another object to maintain synchronous interfittment of
belt and gears by careful control of the length of the belt
path, to avoid tooth wear and ratcheting, to provide
guides to protect against slippage of the belt from their
path when encountering high torque, high speeds or
acceleration jerk, to shape the idlers to direct the belt
flat onto the gears to limit the arc of partial engagement
otherwise experienced and reduce wear, all while main-
taining compactness of arrangement. Other objects will
appear hereinafter.

These and other objects to become apparent hereinaf-
ter are realized in accordance with the invention by
provision of a differential assembly comprising a central
shaft, a carrier rotatable on the central shaft, first and
second tubular gear shafts journaled on the central shaft
on opposite sides of the carrier, first and second toothed
gears mounted to the gear shafts, first and second idlers
transversely mounted on the carrier, means linking the
first and second gears for differential rotation including
a toothed endless belt disposed along a path having
longitudinal portions centered on the first and second
gears and transverse portions centered on the idlers, the
path length providing synchronous interfittment of the
teeth on the belt with the teeth on the first and second
gears, the i1dlers being peripherally shaped to turn the
belt flat to the first and second gears in transition from
transverse to longitudinal disposition.

In this and like embodiments, there is typically also
included retaining means retaining the belt on the idlers,
each the retaining means comprising a roller in rolling
engagement with the belt on each the idler, the retain-
ing means roller 1s shaped complementary to the idler
roll opposite, the carrier mounts a first axle pin for
rotation of the idler, and a second axle pin for rotation
of the retaining means roller, the first and second axle
pins being parallel, the peripheral shape bevel on the
retaining means roller being the complement of the idler
shape opposed thereto.

In another embodiment, the idlers are adjustably
spaced on the carrier for adjusting the length of the belt
path to ensure synchronous interfittment of the belt
teeth with the first and second gear teeth, the carrier
comprises a separable portion carrying one of the idlers,
and there is also included means controlling separation
of the carrier portion to thereby vary the spacing of the
idlers and thereby the length of the belt path, such
portion separation controlling means typically compris-
ing a thread-adjustable shaft in one carrier portion, the
shaft bearing against a second carrier portion whereby
thread-adjustment of the shaft adjusts the relative spac-
ing of the first and second carrier portions, the relative
position of said idlers, and the length of the belt path.

In other embodiments, there is included a plurality of
the controlling means shafts, each lying chordally of the
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carrier, and a turning wheel for turning the thread-
adjustable shaft.

In yet another embodiment, there is further included
means to drive the carrier comprising a prime mover
and a drive gear coupled to the carrier. In this and like
embodiments, the drive gear comprises a ring gear
mounting the carrier, the carrier having separable por-
tions including a first portion having an inner mounting
shoulder and a shoulder flange, and a second portion
captured against the first portion inner mounting shoul-
der and shoulder flange for separate arcuate movement,
there 1s further included an axle for each idler, the car-
rier defining a bore for each the axle, the carrier bores
being closed outwardly by the first portion inner
mounting shoulder, whereby each the idler axle is cap-
tured within the carrier bore in the assembled condition
of the differential, there is further included retaining
rollers opposed to each idler, an axle for each retaining
roller, the carrier defining a bore for each the retaining
rolier axle, the retaining roller axle bores being closed
outwardly by the carner first portion inner mounting
shoulder, whereby each the retaining roller axle is cap-
tured within its the carrier bore in the assembled condi-
tion of the differential.

Typically in these embodiments, each idler is paired
with a retaining roller, the axles of the pairs being paral-
lel.

In an further embodiment, the gears, idlers and link-
ing belt comprise a first belt arrangement, and there is
further included a second belt arrangement coaxial with
the first belt arrangement.

In a preferred embodiment, the invention differential
assembly comprises a drive gear, a central shaft about
which the drive gear rotates, a carrier rotatable with the
drive gear, first and second tubular gear shafts jour-
naled on the central shaft on opposite sides of the car-
rier, first and second toothed gears mounted to the gear
shafts adjacent the carrier, first and second idlers trans-
versely mounted on the carrier between the planes of
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the gears, means linking the first and second gears for 40

differential rotation including a toothed endless belt
disposed along a path having longitudinal portions cen-
tered on the first and second gears and transverse por-
tions centered on the idlers, the path length providing
synchronous interfittment of the teeth on the belt with

45

the teeth on the first and second gears, the idlers being

beveled to turn the belt flat to the first and second gears
1n transition from its transverse to its longitudinal dispo-
sition. |

In this and like embodiments there is typically further
included complementary retaining rollers opposed to
the idlers for retaining the belt in contact with the
idlers.

The 1invention further contemplates the combination
including a vehicle having a prime mover and drive
wheels, and a differential assembly comprising a drive
gear, a central shaft about which the drive gear rotates,
a carrier rotatable with the drive gear, first and second
tubular gear shafts journaled on the central shaft on
opposite sides of the carrier, the driver wheels being
fixed to the gear shafts, first and second toothed gears
mounted to the gear shafts adjacent the carrier, the
gears and carrier lying in parallel radial planes, first and
second idlers transversely mounted on the carrier be-
tween the planes of the gears, means linking the first and
second gears for differential rotation including a
toothed endless belt disposed along a path having longi-
tudinal portions centered on the first and second gears
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and transverse portions centered on the idlers, the path
length providing synchronous interfittment of the teeth
on the belt with the teeth on the first and second gears,
the 1dlers being peripherally beveled to turn the belt flat
to the first and second gears in transition from its trans-
verse to 1ts longitudinal disposition, retaining rollers
opposite the idlers in belt retaining relation, the rollers
and the 1dlers having parallel axles mounted in bores
within the carrier, the axles being captured in the bores
by the carrier, the carrier having a separable portion
carrying at least one of the idlers, and means to adjust
the relative position of the separable carrier portion to
the remainder of the carrier, the adjusting means com-
prising a threaded adjustment shaft acting to space the
carrier portion from the remainder of the carrier,
whereby the path of the belt is shortened or lengthened
to maintain synchronous interfittment of the belt teeth
with the teeth of the gears.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The invention will be further described as to an illus-
trative embodiment in conjunction with the attached
drawings in which:

FIG. 1 1s an isometric view of the differential assem-
bly;

FIG. 2 is a side elevational view thereof:

FIG. 3 1s a view taken on line 3—3 in FIG. 2;

FIG. 4 is a view taken on line 4—4 in FIG. 2

FI1G. 5 1s a view taken on line 5—5 in FIG. 2:

FIG. 6 1s a view taken on line 6—6 in FIG. 5;

FIG. 7 1s a fragmentary isometric view of the differ-
ential assembly;

FIG. 8 1s a partly isometric, partly schematic view of
the differential assembly installed in a vehicle;

FI1G. 9 15 a view like FIG. 1 of an alternate form of
the differential assembly.

DETAILED DESCRIPTION

With reference now to the drawings in detail, in
FIGS. 1, 2 and 7, an illustrative form of the differential
assembly of the invention is shown at 10. Differential
assembly 10 comprises a solid, elongated, steel central
shaft 12, a disc shaped metal carrier 14 journaled on the
central shaft, a first tubular gear shaft 16 on one side of
the carrier, and a second tubular gear shaft 18 on the
other side of the carrier. The tubular gear shafts 16, 18
are journaled on the central shaft 12. The wheels 2 of a
vehicle 4 are fixed to gear shafts 16, 18 (FIG. 8). The
assembly 10 further comprises a first toothed gear 20
fixed to the first tubular gear shaft 16, and a second
toothed gear 22 fixed to the second tubular gear shaft
18. First and second idlers 24, 26 are pivotedly mounted
in carrier 14 on axles 28 (FIG. 3) between the radial
planes of the gears 20, 22, as shown.

The differential assembly 10 further comprises means
to link the first and second toothed gears 20, 22 respec-
tively, in the form of a toothed endless belt 32. The belt
32 1s disposed along a path around each of the gears 20,
22 and each of idlers 24, 26. The length of the belt 32
path is critically such that the teeth of the belt achieve
synchronous interfittment with the teeth 202, 222 re-
spectively of both of gears 20, 22.

The belt 32 used is preferably of the type presently
sold for sports vehicle applications, such as Goodyear’s
high capacity synchronous drive belts drive belts
(Goodyear catalog 821-950-723). These and other suit-
able belts are tough, durable, dimensionally stable and
quite stretch resistant to be nonelongating under load,
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flexible, solid bands of rubber resistant to to environ-
mental hazards and reinforced, e.g. with fillers, fibers
and cords. The preferred configuration of the belt 32 is

an elongated web having integrally formed cogs 321 of

a tooth profile suited for full mating synchronous inter-
fittment with the lands 341, 342 between the teeth 202,
222 of the gears 20, 22.

By synchronous interfittment is meant, with particu-

lar reference to FIG. 2, that each tooth e.g. 321, 322,
32x, etc. of the belt 32 which is disposed flat to the

opposed gear 20 1s in perfect mating registration with
the lands 341, 342, 34x, etc. between the teeth 202 of the
gear, neither ahead or behind the point of full depth and
width mating. The interfittment is synchronous because
the belt teeth 32x simultaneously interfit with the teeth
202, 222 of both of the gears 20 and 22 although these
gears are spaced apart, the i1dlers 24, 26 intervene, and
the belt 32 is twisted in the course of traversing the belt
path. The failure to recognize the need for synchronous
interfittment of the belt 32 and both gears 20, 22 leads to
partial engagement of the opposed teeth, slippage,
ratcheting of the teeth, undue belt wear, loss of effi-
ciency and inadequate performance. On the other hand
achieving synchronous interfittment, as by careful spac-
ing of the gears 20, 22, and precisely adjusting the
length of the belt 32 to such spacing as by shifting the
relative positions of the gears 20, 22 and idlers 24, 26, as
will be described below, leads to full engagement of the
opposed teeth, no slippage or ratcheting, minimal wear
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of the belt, very high efficiencies, exceeding those of 30

conventional differentials,
mance.

The belt 32 traverses the gears 20, 22 in a longitudi-
nally disposed manner, and the idlers 24, 26 in a trans-
versely disposed manner as shown, so that the belt path
has alternating longitudinal and transverse portions
centered respectively on the gears 20, 22 and the idlers
24, 26. The i1dlers 24, 26 are peripherally shaped to have
a beveled surface 38 over which the belt 32 travels. The
degree of bevel for the embodiment shown is preferably
about 13.5° and can be higher or lower, e.g. 10° to 25°,
See F1G. 3, the main desideratum being to so direct the
belt 32 leaving the idier 24 that the belt approximates
being flat to the peripheral edge 39 of the gear 20 upon
leaving the idler and is indeed flat to that edge as
quickly as possible. Failure to so guide the belt 32 leads
to undue wear as the belt teeth 321, etc. are subject to
undue loads by being only partially engaged. In the
present embodiment, best shown in FIG. 7, the belt 32
is twisted the least amount necessary to achieve transi-
tion between transverse disposition and longitudinal
disposition by having the idler 24 beveled as shown. In
approaching the gear 22, the belt 32 1s guided flat onto
the gear, for full engagement. There is a necessary tran-
sition in which the belt 32 is not engaged fully across the
width of the gear 20 lands (e.g. 341, 342, 34x) and this
arc of partial engagement, shown by the double-headed
arrow 40, in FIG. 7, 1s desirably minimized in the differ-
ential design by tailoring the beveling of the idlers 24,
26 to the size and location of the gear (20, 22) which is
to receive the belt.

The differential assembly 10 further includes in the
illustrated embodiment a drive gear in the form of a ring
gear 42. Ring gear 42 i1s driven by a prime mover such
as motor 44, F1G. 8, whose output shaft 46 turns gear 48
engaged with the ring gear. Ring gear 42 circumscribes
the carrier 14 and is fixed to the carrier portion 141.
Carrier portion 141 defines an inner mounting shoulder

and remarkable perfor-
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50, mner shoulder flange 52 and outer shoulder flange
S3. Carrier portion 142 is arcuately shiftable relative to
carrier portion 141 and is held in position for such shift-
Ing against inner and outer shoulder flanges 52, 53 by
fasteners 54 pivoted on bolts 55 anchored in carner
portion 141. Shifting of the carrier portion 142 is con-

trolled by threaded shaft 60 which extends from a
tapped bore 62 in carrier portion 141 to the carrier
portion 142. Knurled wheel 64 is rotated to extend the
threaded shaft 60 more or less to correspondingly
change the spacing of carrier portions 141 and 142 by
engagement of shaft 60 with foot 61 in fixed carrier
portion 141, FIG. 6. Carrier portion 142 carries idler 24
which is confined in its translational movement with
carrier portion 142 movement by belt 32. Threaded
shaft 60 varies the length of the belt path by shifting the
idler 24 with carrier portion 142, the length being care-
fully adjusted for each differential assembly 10 to ensure
synchronous interfittment of the belt 32 with the gears
20, 22.

As best shown in FIG. 3, the idier 24 is mounted on
an axle 28 disposed in bore 68 in carrier portion 142, the
axle being inserted into the bore and the bore thereafter
outwardly closed by fitting the carrier portion 142 into
the inner mounting shoulder 50 of the carrier portion
141. Idler 26 1s mounted in place in the same way (not
shown).

Idlers 24, 26 are flanged at 241, 261, respectively, to
protect against the belt 32 slipping off the idler, see
FIG. 3. Each idler 24, 26 is also provided with a retain-
ing roller 70, 72. Retaining rollers 70, 72 are mounted on
axles 74, 76 disposed in bores (not shown) parallel to the
axles, e.g. axle 28, on which the idlers 24, 26 turn, and
their axles are similarly captured in their respective
bores (not shown) by the inner mounting shoulder 50 of
the carrier portion 141. The retaining rollers 70, 72 are
of a complementary shape to the opposed idlers 24, 26,
e.g. beveled to the complementary angle, and are
flanged at 78, 80 as shown, to define a gap 82 closed
above and below by the opposed flanges of the idlers
and retaining rollers and closed from side to side by the
idlers and the retaining rollers, the gap being of a size to
just accommodate the belt 32 see FIG. 3.

In operation of the differential assembly 10, any ten-
dency of the belt to jump, e.g. from starting torque,
overloads, acceleration jerk or other use conditions is
controlled by the retaining rollers and idlers and their
respective flanges.

With reference to FIG. 9, wherein like parts to those
shown m FIGS. 1-8 are given like numerals plus a
lower case “a”, the differential assembly 102 comprises
central shaft 12a, a disc shaped metal carrier 14a jour-
naled on the central shaft, a first tubular gear shaft 164
on one side of the corner (another tubular gear shaft,
not shown, is on the other side of the corner). The
tubular gear shaft 16z (and opposite side counterpart)
are journaled on the central shaft 124, and as shown in
connection with the previous embodiment, vehicle
wheels are fixed to the gear shafts. The assembly 10q
further comprises a first toothed gear 20a fixed to the
gear shaft 16a. A second counterpart toothed gear to
gear 20qa, not shown, is fixed to the second tubular gear
shaft also not shown. First and second idlers 244, 26a
are pivotedly mounted in carrier 142 on axles not shown
but as depicted in FIGS. 1 and 2 for idlers 24, 26. Differ-
ential assembly 10z further comprises means to link the
toothed gear 20e with in the form of a toothed endless
belt 32a. The belt 32a is disposed along a path around
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the gear 20q (and the counterpart gear not shown) as
illustrated in the Figure.

As in the previous embodiment the length of the belt
32 path 1s critically such that the teeth of the belt

achieve synchronous interfitment with the teeth 202 of 5

gears 20q. Operation of the differential assembly 104q is
like that of differential assembly 10 other than the pres-
ence of two belts 32 and associated second set of gears
20, 22 1n the assembly 10 device. The embodiment
shown m FIG. 1-8 incorporates two belts, belt 32 and
belt 232, each of which has the same function, already
described for belt 32. The purpose of double belts, triple
or other number 1s to increase the amount of power that
can be transmitted for a given size of differential, belt
and gearing.

The double belt embodiments will be described by
reference to an inner belt and an outer belt assuming the
carrier 14 to be at the center of the differential assembly
10 so that the closer belt to the carrier is the inner belt,
1.e. belt 32.

The carrier 14 has in addition to its separable portion
142 a further separable portion 242. A third idler 224 is
carried on the carrier portion 242 for shifting in the
manner of idler 24, using a different threaded shaft 260,
operating in tapped bore 262 by means of knurled wheel
264 which projects from the plane of carrier 14 to be
digitally operated for purposes of adjusting the belt 232
path length to the optimum for synchronous interfitt-
ment of the belt with the outer gears 220, 222. A fourth
idler 226 1s mounted in carrier 141 cooperating with
idler 224 and outer gears 220, 222 each mounted on
tubular shafts 16 and 18 to which inner gears 20 and 22
are also mounted. Belt 232 wraps around the idlers 224,
226 and the outer gears 220, 222 as shown and operates
in the same manner as belt 32.

Idler 224 1s mounted on axle 228 disposed in bore 268,
and captured by inner mounting shoulder S0 of the
carrier portion 141, as best shown in FIG. 4. Idler 226 is
similarly mounted. It will be noted that while 1dlers 224,
226 are not beveled on their belt engaging surfaces,
these idler surfaces are peripherally shaped to turn the
belt 232 flat to the gears 220, 222, the outboard location
and greater diameter of the outer belt 1dlers making the
angle and twist of the belt between the idler and the
gear small enough that beveling 1s not required to mini-
mize the arc of partial engagement, cf. 40 in FIG. 7.

There 1s thus provided a low cost light weight differ-
ential which uses a carrier having separable portions to
relatively shift the idlers so as to adjust the endless belt
path to precisely the length need to ensure synchronous
interfittment of the belt tooth pattern with the tooth
pattern on the gears fixed to the same shafts as the drive
wheels. The idlers are peripherally shaped to turn the
belt toward a flat to the gear edge disposition while
carried on the idler, a more eftective turning of the belt
than simply hanging the belt in midair for turning as has
been done previously.

I claim:

1. A differential assembly comprising a central shaft,
a carrier rotatable on said central shaft, first and second
tubular gear shafts journaled on said central shaft on
opposite sides of said carrier, first and second toothed
gears mounted to said gear shafts, first and second idlers
mounted on said carrier transverse to the plane of rota-
tion of said first and second toothed gears, means link-
ing said first and second gears for differential rotation
including a toothed endless belt disposed along a path
having a length, said belt having longitudinal porttons
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on said first and second gears and transverse portions on
said 1idlers, said path length providing full width and
depth mating interfitment of the teeth on said belt syn-
chronously with the teeth on said first and second gears,
said idlers being peripherally shaped to turn said belt
flat to said first and second gears in transition from
transverse to longitudinal disposition, and retaining
rollers in rolling engagement with said belt to retain said
belt on said idlers.

2. The differential assembly according to claim 1, in
which said retaining means roller is opposite to and
shaped complementary to said idler roll.

3. The differential assembly according to claim 2, in
which said carrier mounts a first axle pin for rotation of
said 1dler, and a second axle pin for rotation of said
retaiming means roller, said first and second axle pins
being parallel, the peripheral shape on said retaining
means roller being the complement of said idler shape
opposed thereto.

4. The differential assembly according to claim 1, in
which said i1dlers are movably mounted on said carrier
for adjusting the length of said belt path to ensure said
mterfitment of said belt teeth with said first and second
gear teeth.

5. The differential assembly according to claim 4, in
which said carrier comprises relatively movable por-
tions, one of said carrier portions carrying one of said
idlers, and including also means controlling relative
movement of said carrier portions to thereby vary the
spacing of said idlers and thereby the length of said belt
path.

6. The differential assembly according to claim 5, in
which said carrier portion movement controlling means
comprises a thread-adjustable shaft in a first carrier
portion, said shaft bearing against a second carrier por-
tion whereby thread-adjustment of said shaft adjusts the
relative spacing of said first and second carrier portions,
the relative position of said idlers, and the length of said
belt path.

7. The differential assembly according to claim 6,
including a plurality of said controlling means shafts.

8. The differential assembly according to claim 6,
including also a turning wheel for turning said thread-
adjustable shaft.

9. The differential assembly according to claim 1,
including also means to drive said carrier comprising a
prime mover and a drive gear coupled to said carrier.

10. The differential assembly according to claim 9, in
which said drive gear comprises a ring gear, said ring
gear mounting said carrier, said carrier having rela-
tively movable portions including a first portion having
an mnner mounting shoulder and shoulder flange and a
second portion captured against said inner mounting
shoulder and shoulder flange for relative arcuate move-
ment.

11. The differential according to claim 10, including
also an axle for each said idler, said carrier defining a
bore for each said axle, said carrier bores being closed
outwardly by said carrier first portion inner mounting,
shoulder, whereby each said idler axle is captured
within its said carrier bore in the assembled condition of
said differential.

12. The differential according to claim 11, in which
said retaining rollers are opposed to said idlers, an axle
for each retaining roller, said carrier defining a bore for
each said retaining roller axle, said retaining roller axle
bores being closed outwardly by said carrier first por-
tion mner mounting shoulder, whereby each said retain-
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ing roller axle is captured within its said carrier bore in
the assembled condition of said differential.

13. The differential assembly according to claim 12,
in which each said idler is paired with a retaining roller,
the axles of said pairs being parallel.

14. The differential assembly according to claim 1, in
which said gears, idlers and linking belt comprise a first
belt arrangement on said carrier, and including also a
second belt arrangement on said carrier, said second
belt arrangement comprising first and second idlers
mounted on said carrier across said central shaft from
said first belt arrangement first and second idlers and
transverse to the plane of rotation of said first and sec-
ond toothed gears, a second toothed endless belt further
linking said first and second gears, said belt being dis-
posed along a path having a length, said belt having
longitudinal portions on said first and second gears and
transverse portions on said idlers, said path length pro-
viding full width and depth mating interfitment of the
teeth on said second belt synchronously with the teeth
on said first and second gears oppositely facing and in
axially displaced relation to said first belt arrangement
belt on said first and second gears, said second belt

arrangement 1dlers being peripherally shaped to turn
said belt flat to said first and second gears in transition

from transverse to longitudinal disposition, and retain-
ing rollers in rolling engagement with said second belt
to retain said second belt on said second belt arrange-
ment 1dlers.

15. A differential assembly comprising a drive gear, a
central shaft about which said drive gear rotates, a
carrier rotating with said drive gear, first and second
tubular gear shafts journaled on said central shaft on
opposite sides of said carrier, first and second toothed
gears mounted to said gear shafts adjacent said carrier,
first and second idlers transversely mounted on said
carrier between the planes of said gears, means linking
said first and second gears for differential rotation in-
cluding a toothed endless belt disposed along a path
having a length, said belt having longitudinal portions
on said first and second gears and transverse portions on
sald idlers, said path length providing depth and width
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interfitment of the teeth on said belt with the teeth
synchronously on said first and second gears, said idlers
being beveled to turn said belt flat to said first and sec-
ond gears in transition from its transverse to its longitu-
dinal disposition, and complementary retaining rollers
opposed to said idlers for retaining said belt in contact
with said 1dlers.

16. In combination, a vehicle having a prime mover
and drive wheels, and a differential assembly compris-
ing a drive gear, a central shaft and about which said
drnive gear rotates, a carrier rotating with said drive
gear, first and second tubular gear shafts journaled on
said central shaft on opposite sides of said carrier, said
drive wheels being fixed to said gear shafts, first and
second toothed gears mounted to said gear shafts adja-
cent said carrier, said gears and carrier lying in parallel
radial planes, first and second idlers mounted on said
carrier transverse to and between the planes of said
gears, means linking said first and second gears for
differential rotation including a toothed endiess belt
disposed along a path having a predetermined length,
said belt having longitudinal portions around said first
and second gears and transverse portions around said
idlers, said path length providing full depth and width
mating interfitment of the teeth on said belt synchro-
nously with the teeth on both of said first and second
gears to which said belt teeth are flat, said idlers being
peripherally beveled to turn said belt flat to said first
and second gears in transition from its transverse to its
longitudinal disposition, retaining rollers opposite said
idlers in belt retaining relation, said rollers and said
idlers having parallel axles mounted in bores within said
carrier, said axles being captured in said bores by said
carrier, said carrier having a relatively movable portion
carrying at least one of said idlers, and means to adjust
the relative position of said movable carrier portion
relative said carrier, said adjusting means comprising a
threaded adjustment shaft acting to space said movable

carrier portion relative to said carrier, whereby the path
of said belt is shortened or lengthened to maintain inter-

fitment of said belt teeth with the teeth of said gears.
* %X %k X *



	Front Page
	Drawings
	Specification
	Claims

